The ostrich (Struthio camelus var. domesticus) is an important animal in the livestock industry in South Africa. Ostrich production is an intensive production system and feed cost contributes approximately 75% of the total cost of production. The objective of this study was to determine the effect of the replacement of soybean oilcake meal (SOCM) with cottonseed oilcake meal (CSOCM) on the production performance of slaughter ostriches. A total of 105 birds of both sexes were divided into five groups of 21 birds each. All birds were fed five iso-nutritional diets in which SOCM was gradually replaced by CSOCM (0% up to 12% of the total diet). Ostriches in each treatment were subdivided into three replicate pens containing seven birds each. Body weights of birds were recorded at the start of the experiment and thereafter on a monthly basis throughout the study. Inclusion level of CSOCM had no effect on the feed intake and feed conversion rate of slaughter ostriches. Birds consuming the diet with 0% CSOCM had a significantly lower growth rate than the birds consuming the diets containing respectively 9% and 12% CSOCM. In a complementary palatability study, no significant differences in feed intake were observed between the diets with and without CSOCM.
Introduction
Ostrich farming is an important component of the agribusiness industry in South Africa. Ostrich farming is an intensive farming system and the cost of feed contributes more than 75% of the total cost of production (Brand & Gous, 2006) . Soybean oilcake meal is normally used as a protein source in the diet of ostriches. Soybean oilcake meal is, however, also used in the poultry industry, and normally maintains relatively high prices. Cottonseed oilcake meal is also a rich source of high protein and can be incorporated in the diets of animals. Its value as an animal feed, however, is limited due to the presence of gossypol, which is a toxic polyphenolic pigment contained in glands located throughout the cottonseed plant. The content of gossypol in whole cottonseed ranges from 0.02% to 6.64% and is thought to provide resistance to insects (Prince et al., 1993) . With the extraction of 21% oil from cottonseed, the gossypol content in CSOCM may vary from 0.03% to 8.4%. This terpenoid inhibits α-amylase of insects, one of the most important insect digestive enzymes (Franko et al., 2002) . Many factors influence gossypol content such as species of cotton plant, climatic conditions, soil conditions and application of fertilizer. Although CSOCM has long been recognised as an economical protein source for ruminant diets, it may be potentially toxic when fed to monogastric animals at levels from 100 -300 mg/kg, respectively for pigs and poultry (Ensminger et al., 1990) . Gossypol exists in two forms: free and bound. The free form is toxic, whereas gossypol that binds to proteins is the bound or non-toxic form. Cottonseed oilcake is the residue after oil is extracted from the seeds. Gossypol primarily affects the heart and liver. Ruminants such as cattle and sheep can tolerate higher levels of free gossypol because gossypol is detoxified in the rumen either by bonds formed with soluble proteins or by a dilution effect, which results in slower absorption of gossypol.
Dairy cows tolerate up to 6.2 mg/kg body weight free gossypol per day for 100 days (Lindsey et al., 1980) . Lambs fed a diet containing 900 mg/kg of free gossypol for 3 -4 weeks died suddenly or after exhibiting signs of cardiac failure (Morgan et al., 1988) . In pigs, dietary levels of 200 -300 mg/kg of free gossypol results in cardiac insufficiency and respiratory distress with normal mortality rates exceeding 50% (Haschek et al., 1989) . In dogs, cardio toxicity associated with prolonged gossypol intake is similar to that in other species (Patton et al., 1985) . Chicks fed 800 and 1600 mg/kg of purified gossypol in feed exhibited severe cases of perivascular lymphoid aggregate formation, biliary hyperplasia, and hepatic cholestasis (Henry et al., 2001) . In fish, pathological effects of gossypol in tilapia were a decline in body weight, low haemoglobin and haematocrit levels, abundance of immature red blood and abnormal spleen morphology (Garcia Abiado et al., 2004) .
Although CSOCM has been shown to negatively affect different mammalian species, such as pigs, goats, pre-ruminant calves and lambs, dogs, as well as chicks and fish, its effects on ostriches have not yet been studied. The aim of the study was thus to determine the effect of a low inclusion level of CSOCM in diets of growing ostriches on their feed intake and growth performance. A study was also conducted to determine the palatability of diets containing CSOCM in comparison to SBOCM.
Materials and Methods
A total of 105 ostriches (Struthio camelus var. domesticus), approximately 6 months of age, were used in the study. The study was conducted at the Kromme Rhee Research Farm near Stellenbosch. The birds were divided into five groups, which were subdivided into three replicate pens (ca 200 m 2 /bird). Diets were formulated on an iso-nutritional basis in a way that SBOCM was gradually replaced by CSOCM (Table 1) . Experimental diets were fed ad libitum. All birds were allowed free access to drinking water. Animal body weights were recorded on monthly intervals from the start of the experiments up to 12 months of age at slaughter. The feed conversion rate was calculated using average feed intake and average weight gain per group.
Ostriches were slaughtered at a commercial abattoir and dressed according to standard South African techniques. High performance liquid chromatography (HPLC) procedures have been used to measure free, bound and total gossypol in the CSOCM and free gossypol in the mixed feed (AOCS, 1989) .
A complementary trial of five days was conducted to determine the palatability of the five different diets containing increased levels of CSOCM. A total of 33 ostriches of both sexes (22 males and 11 females) aged 13 months, were divided into three replicate pens. Each animal was given free access/choice to the five experimental diets. The refusal of each diet was weighed daily and ration consumed were recorded to estimate relative palatability.
The data obtained was analysed using analysis of variance technique under one-way ANOVA with the GenStat software package (Release 7.2 DE, 2007 ) and Student's t-Least Significant Difference was determined at 5% significant level to compare treatment means (Ott, 1998) .
Results and Discussion
Diets were formulated to provide equal amounts of energy, protein as well as essential amino acids to the birds. Chemical analysis of the experimental diets showed a free gossypol content below 10 mg/kg. Chemical analysis of the CSOCM showed a value of 82 mg/kg of free gossypol, 4790 mg/kg of chemically bound gossypol and 4872 mg/kg of total gossypol.
Production results are presented in Table 2 . The starting weight of the birds in the different treatment groups did not differ significantly between groups (P >0.05). The feed intake of ostriches was not affected (P >0.05) by the inclusion level of CSOCM in diets. Birds consuming diets with 9% and 12% CSOCM had a faster (P <0.05) growth rate than birds consuming the diet with 0% CSOCM. Regression analysis of the data revealed that growth rate of birds increased with 5.5 g/day for each increment increase in the CSOCM content of the diets (y = 226.4 + 5.5 y; R 2 = 0.97). Similarly to feed intake, feed conversion ratios did not differ (P >0.05) between experimental diets. Data from the palatability trial (feed intake of respectively 594, 515, 466, 501 and 662 g/bird/day for diets containing 0%, 3%, 6%, 9% and 12% CSOCM) showed the highest feed intake value from the diet containing 12% CSOCM, but no specific pattern in feed intake between diets was observed. The results clearly indicated that birds did not discriminate against diets containing higher levels of CSOCM. Results from this study is in contradiction to the recommendations from Aganga et al. (2003) , who recommend that CSOCM should not be used at all in diets for ostriches. This assumption may be related to scientific results obtained with other monogastric species.
Conclusion
Cottonseed oilcake has been used for many years as a protein supplement in ruminant rations, but due to the presence of gossypol, its use in the diets of monogastric animals has been limited. Results from this study clearly showed that CSOCM up to 12% can be used with success in diets for finishing ostriches. A palatability trial showed that birds did not discriminate against diets containing CSOCM up to 12%. A veterinary inspection of the hearts and livers of the birds consuming diets containing CSOCM showed no cardiovascular or other damage; it may thus be suggested that the gossypol content of CSOCM should be tested prior to inclusion as protein source in diets of ostriches. Safety margins of 0.03% (300 mg/kg) free gossypol in diets as suggested for poultry by Ensminger et al. (1990) should be respected. Results from this study are only applicable to growing ostriches and not to breeding birds for which scientific data is still lacking.
